Despite the advantages of reversibly altering cardiac transgene expression, the number of successful studies with inducible cardiac-specific transgene expression remains limited. The utility of the current system is hampered by the large number of lines needed before a nonleaky inducible line is isolated and by the use of a heterologous virus-based minimal promoter in the responder line. We developed an efficient, experimentally flexible system that enables us to reversibly affect both abundant and nonabundant cardiomyocyte proteins. The use of bacterial-codon-based transactivators led to aberrant splicing, whereas other more efficient transactivators, by themselves, caused disease when expressed in the heart. The redesign of the system focused on developing stable transactivator-expressing lines in which expression was driven by the mouse ␣-myosin heavy chain promoter. A minimal responder locus was derived from the same promoter, in which the GATA sites and thyroid responsive elements responsible for robust cardiac specific expression were ablated, leading to an attenuated promoter that could be inducibly controlled. In all cases, whether activated or not, expression mimicked that of the parental promoter. By use of this system, an inducible expression of an abundant contractile protein, the atrial isoform of essential myosin light chain 1, and a powerful biological effector, glycogen synthase kinase-3␤ (GSK-3␤), were obtained. Subsequently, we tested the hypothesis that GSK-3␤ expression could reverse a preexisting hypertrophy. Inducible expression of GSK-3␤ could both attenuate a hypertrophic response and partially reverse a pressure-overload-induced hypertrophy. The system appears to be robust and can be used to temporally control high levels of cardiac-specific transgene expression. (Circ Res. 2003;92:609-616.) 
M uch of the recent progress in basic cardiovascular research has depended on the targeted manipulation of the mammalian genome. 1 Both gene-targeting and transgenic (TG) approaches can be used to create specific changes in the heart as well as in other organs that have an impact on cardiovascular function. These experiments, which are normally carried out in the mouse, have opened up new avenues for exploring the physiological consequences of protein ablation, mutation, and ectopic expression. In the last 15 years, there has been a slow but steady refinement of the techniques, all directed at being able to more precisely control both the location and developmental time of gene expression. Early on, investigators realized that although systemic genetic modification through transgenesis and gene targeting was tremendously useful, more precise methodologies were needed to target a modification to a particular cell type or organ. Thus, mammalian gene targeting was first implemented only for loss-of-function experiments using systemic gene ablation, but it then progressed to the creation of specific mutations. 2 Organ-specific gene targeting has now been reported in a number of systems, including the heart, 3 and recently, inducible cardiac-specific gene targeting has been demonstrated. 4 Although transgenesis was first performed at the systemic level, it was soon realized that precise transcriptional control was needed to target TG expression to a particular organ system or cell type. The development of promoters able to direct TG expression specifically to the heart resulted in an explosion of new animal models that undergo hypertrophy and failure and also in the identification of important functions of many proteins that are expressed in the heart during normal and abnormal development and function. 5 However, even with cardiac-specific promoters, transgenesis can be a blunt instrument, particularly in the study of powerful biological signaling proteins that in low abundance can have pleiotropic effects on cardiovascular structure, metabolism, and function. For example, the most widely used promoter for cardiac-specific TG experiments, which is derived from the ␣-myosin heavy chain (␣-MHC) gene, is expressed in the early heart tube as well as in the developing atria, 6 and TG expression throughout development undoubtedly has the potential of confounding the postterm phenotype.
Because of these and related concerns, the development of conditional or inducible TG systems has been the focus of multiple laboratories. 7, 8 The use of conditional transgenics, in which TG expression can be turned on/off over the animal's lifetime, would be of tremendous benefit for exploring the physiological basis of the cardiac phenotype. Although a number of different approaches have been tried, the most successful has been the binary tetracycline (Tet)-based system, which has been widely used in both cells and animals to reversibly induce expression by the addition or removal of Tet or its analogue, doxycycline (Dox). 8 -10 As normally used in cell cultures and in the whole organism, controlled induction depends on a binary system and requires 2 transgenes: (1) a cardiac-specific promoter driving the Tet-controlled trans-activator (tTA) sequence coupled to the transcription activator virion protein 16 (VP16) and (2) a cytomegalovirus (CMV) minimal promoter coupled to multimers (5 to 7 copies) of the Tet operon (TetO). This chimeric promoter is then ligated to the target transgene that is to be conditionally controlled. In the presence of Tet, the tTA protein binds to the drug, and transcription of the reporter gene, driven only by the very low basal activity of the minimal promoter, is "off." If Tet is not present in the system, tTA binds to the TetO, allowing the VP16 transactivator to increase the expression driven by the CMV minimal promoter. Expression of the reporter gene can thus be turned on and off by removing or supplying Tet, respectively. For cardiac-specific induction, the effector transgene consists of a cardiac-specific promoter driving the expression of tTA (Tet-off) or of a "reverse" tTA (rtTA), in which 4 point mutations have been made, 11 converting the system from a Tet-off, in which Dox is needed to keep TG expression silent, to a Tet-on system, in which TG expression is active only in the presence of the drug. New generations of activators and repressors that show increased efficiency and fewer experimental artifacts have been developed, and there are examples of successful experiments in many cell types and organ systems. 8 However, despite the potential advantages of robust target gene induction/inactivation with a relatively benign biological effector, surprisingly few successes have been reported in the heart, and these are largely restricted to strong biological amplifiers/signals. [12] [13] [14] [15] [16] [17] [18] One could infer from the paucity of data in the cardiovascular system that the current reagents are not robust in this particular organ and therefore preclude routine success. The present system uses a relatively short fragment of the rat ␣-MHC promoter to drive expression of the Tet activator in the heart. 14 This heterologous promoter, although it is cardiac specific, does not exhibit positionindependent or copy number-dependent expression, nor has it been shown to be homogenously expressed throughout the ventricular and atrial cardiomyocyte populations. Compounding the limitations of the current system is the use of the minimal CMV promoter in the responder line. The use of a virus-derived sequence heightens the probability of contextdependent expression as well as altered methylation patterns that tend to inactivate transcription. Indeed, in a series of preliminary experiments, we were struck by the number of lines needed to generate a working pair of transgenics that could then be crossbred to produce an animal in which gene induction occurred. Expression was often "leaky" or (if off) could not be activated. Clearly, at least in our hands, the current system was unsatisfactory, necessitating the creation of many (5 to 20) lines before a successful binary breeding was achieved.
In the present study, we describe the application of a reengineered system to inducible cardiac-specific TG expression. We found that mouse ␣-MHC, rather than the previously described rat promoter, 12 driving very low levels of the Tet activator, coupled with a responder line in which the target transgene was linked to an attenuated mouse ␣-MHC promoter that was inactive in the heart except when induced, gave excellent results. The robustness of the system was titrated by attempting to inducibly replace one of the most abundant proteins in the cardiomyocyte, the essential myosin light chain (ELC1), as well as by conditionally expressing a powerful biological signaling protein in order to titrate its efficacy within a narrow temporal window. We found that even modest levels of transactivator protein were lethal or led to cardiac disease and that an attenuated ␣-MHC promoter could serve as an effective responder for TG induction.
Materials and Methods

DNA Constructs and TG Mice
The original tTA construct, described by Gossen and et al, 19 was inserted into the mouse ␣-MHC promoter cassette at the SalI site, and multiple lines of TG mice were generated. The tTA construct is bacterially derived, potentially making it less than ideal for mammalian systems 20 because bacterial codon usage bias can lead to alternative splicing ( Figure 1B ). Thus, an optimized tTA fragment using mammalian codons was synthesized, and in a parallel set of constructs, we also changed 4 amino acids, creating rtTA. 21, 22 An additional set of constructs was made in which the synthesized fragment was linked to 3 repeats of a 12-amino-acid sequence, FFF, which is the minimum activator domain and a less toxic transcriptional activator domain than VP16. 23 The tTA specificity and efficacy can be improved by changing 5 amino acids (S12G, E19G, A56P, D148E, and H179R), 24 and this construct was made via polymerase chain reaction (PCR) using the mammalian codonoptimized DNA as a template (S2M2FFF, Figure 2A ). This protein is more stable in cell culture systems, is more sensitive to Dox, and has very low background expression levels in the absence of Dox. 24 The constructs were inserted into the ␣-MHC promoter cassette ( Figure 1A) . The CMV-TetO-LacZ indicator mice were purchased from Jackson Laboratories (Bar Harbor, Maine).
A responder minimal promoter that was copy number dependent and chromosomal integration site independent was derived from the mouse ␣-MHC sequences. Two thyroid response elements (TREs) at positions 4217 to 4240 (TRE1) and 4251 to 4267 (TRE2) 25,26 and 3 GATA sites at positions 2455, 27 4106, and 4114 28 were destroyed to create the basal promoter. To provide a binding site for the transactivator, an Ϸ300-bp fragment consisting of 7 repeats of the sequence TCGAGTTTACCACTCCCTA TCAGTGATA-GAGAAAAGTGAAAG was inserted after base 4281, 57 bp upstream from the TATA element ( Figure 3A ). The ELC atrial isoform (ELC1a) or a constitutively active form of mouse glycogen synthase kinase-3␤ (GSK-3␤) was linked to the responder promoter to determine its ability to drive high levels of TG protein expression on induction ( Figure 3A ). The human growth hormone polyadenylation site (hGH polyA) was placed downstream from all cDNAs ( Figure  1A ). All constructs were digested free of the vector sequence with NotI, purified from agarose, and used to generate TG mice as described. 29 An expanded Materials and Methods section can be found in the online data supplement available at http://www.circresaha.org.
Results
tTA-VP16 cDNA Is Aberrantly Spliced In Vivo
On the basis of previous studies that successfully used the bacterially derived tTA-VP16 construct described by Bu-jard's group (Furth et al 9 and Godden et al 19 ) for inducible cardiac-specific expression, 13, 14 we initiated our studies with the same transactivator and linked it to the mouse ␣-MHC promoter ( Figure 1A ). Multiple TG lines were generated, and although the different lines showed varying copy number, in no case could we detect TG protein in the heart. To explore the lack of expression, we analyzed the TG transcripts and discovered that the vast majority of the transcripts underwent aberrant splicing ( Figure 1B) , with the RNA pool consisting of a major (700-bp, spliced) and a minor (1300-bp, fulllength) product. Both bands were sequenced, and the data confirmed that the major product resulted from aberrant splicing of the primary transcript, whereas the 1300-bp minor product (Ͻ1%) encoded the full-length protein. The construct was reengineered by PCR mutagenesis to remove the alternative splice site, TTAGGT3 CTCGGC, at and around bases 427 to 428, and multiple TG lines were generated with the new cDNA. However, these lines also showed alternative splicing that now occurred at a site further upstream (data not shown). We conclude that normally cryptic splice sites throughout the construct can be and are recognized by the spliceosome apparatus, leading to the production of mutated polypeptides that are out of frame and inactive or are degraded by the cardiomyocyte.
The small amount of intact transcript should produce active tTA, but we were unable to detect any protein, even when 100 g of protein was subjected to Western analysis ( Figure 1C ). We wished to determine whether even the small amount of protein that was present could explain the reported successes with the use of the tTA construct, and to that end, line 55 was crossed with CMV-TetO-LacZ indicator mice. Although no LacZ staining was apparent in the nontransgenic (NTG)-or Dox-treated hearts, withdrawal of the drug resulted in uniform and robust expression in the double-TG hearts ( Figures  1D and 1E) , indicating that very low levels of tTA protein are sufficient for inducible expression.
Detectable Amounts of Activator Protein Cause Cardiac Disease
Using the initial TetR-VP16 fusion protein as a starting point, Bujard, Urlinger, and colleagues 8, 24 have explored the potential of creating modified proteins that exhibit decreased generalized transcriptional squelching, improved DNA and activator molecule binding characteristics, and increased sensitivity and expanded induction range. We have now tested a number of these constructs in TG mice, and representative data for a Tet-on construct reported to show maximum efficiency and efficacy with minimal nonspecific transcriptional squelching 24 are presented in Figure 2 . This construct consists of a trimer of a minimal activation domain derived from VP16 (FFF) 23 and an rTetR selected in a yeast screen for optimized sensitivity and inductive range ( Figure  2A, S2M2FFF ). 24 These were synthesized using oligonucleotides optimized for mammalian codon usage and placed into the cardiac-specific ␣-MHC promoter construct (Figure 2A) .
In contrast to lines of mice containing the full-length VP16 activator domain, multiple lines of mice made with the minimal activation domain (FFF) showed significant levels of the activator protein ( Figure 2B ). Because this used the reverse fusion protein, it constituted a Tet-on system, with TG expression being triggered only in the presence of the drug, and these mice, when crossed with the LacZ indicator line, also showed induction of gene expression (data not shown). However, as the TG S2M2FFF lines aged, we observed that all exhibited significant hypertrophy. This was particularly evident in 2 lines that had significantly different levels of activator protein accumulation ( Figure 2 ). The significant hypertrophy ( Figure 2D ) that occurred in all lines containing detectable amounts of the protein indicates that TG expression of the activator, by itself, leads to a disease phenotype, precluding their use in creating inducible models of cardiovascular disease. In fact, the effects were quite severe, with mice from all lines dying within 2 months. Although the initial tTA construct was clearly inefficiently/ incorrectly spliced and produced only small amounts of active protein, the viable mouse lines we obtained efficiently served as the activator arm for a bigenic inducible system ( Figures 1D and 1E) , and a stable line was bred. To date, after multiple generations, we have been unable to detect any signs of hypertrophy or cardiac disease in these animals. Echocardiographic analysis of adults revealed no detectable alteration in function (data not shown). The absence of hypertrophy or disease is more fully documented in the online data supplement (please see online Figures 1 and 2 , available at http://www.circresaha.org).
Attenuated ␣-MHC Promoter Can Serve as Efficient Responder Locus
The responder arm of the bigenic system normally consists of a minimal CMV promoter linked to multiple copies of the Tet operator. In our hands, this part of the system also presented a series of significant experimental problems. Although we found that it was possible to obtain lines of mice that showed minimal expression levels when noninduced and responded shown of the Tet-responsive ␣-MHC promoter constructs. The responder construct consisted of a full-length ␣-MHC promoter in which 3 GATA sites (the third GATA site lies upstream from the region shown in detail) and 2 TREs were ablated. Other cis-acting regions important for cardiac-specific expression were left intact. To make the attenuated promoter Tet responsive, 7 repeats of the TetO sequences were inserted adjacent to the TATA box. The human growth hormone polyadenylation signal (black box) was placed downstream from the unique cloning site. Any gene of interest (gene) inserted into this Tet-responsive promoter construct, termed MHCmin TetO , will be inducible. B, RNA (5 g) was blotted onto nitrocellulose and hybridized to an ELC1a-specific oligonucleotide probe to detect expression. GAPDH expression was used to normalize the data. C, ELC1a protein was detected by Western analysis. D, Expression patterns are shown in an uninduced leaky line. Protein (30 g) derived from line 98 was electrophoresed, and ELC1a levels were analyzed by use of Western blots. At indicates atria; Dia, diaphragm; Sol, soleus; Bi, biceps; Tib, tibialis; Mass, masseter; Ton, tongue; Sto, stomach; S. int, small intestine; Ao, aorta; Liv, liver; Spl, spleen; LV, left ventricle; and RV, right ventricle. appropriately during induction, isolating a line that displayed those characteristics necessitated the production of many (6 to 23) lines of animals. The TG mice obtained with such constructs only rarely yield the necessary inductive range, presumably because of the sensitivity of the minimal CMV promoter construct to chromosomal context. 12 To circumvent these difficulties, we explored the potential of redesigning this part of the system around the wellcharacterized ␣-MHC promoter, with the goal being to create a construct that (1) showed low background expression levels, (2) could be highly induced, and (3) was relatively insensitive to chromosomal location. This promoter has a potential advantage over the minimal promoter constructs in that it also is highly cardiac specific and appears to be relatively chromosomal context independent in its expression pattern; it also shows copy-number dependence. 30 The object was to create a minimally active promoter that retained these characteristics, and to this end, we ablated 3 GATA sites and 2 thyroid-like response elements, each of which plays a role in maintaining high levels of cardiac-specific expression. 25, 26 Seven copies of TetO were placed upstream from the TATA box to provide a strong Tet response element ( Figure 3A ). This promoter was then linked to ELC1a, such that inducible expression in the ventricle could be easily assayed.
Three lines (termed 93, 98, and 12 ( Figures 3B and 3C) were made. Of these, line 12 had the desired characteristics, with no detectable activity in the absence of induction ( Figures 3B and 3C ). In the lines in which expression could be detected in the absence of the activator protein, expression mimicked the expression patterns of the parental promoter and was restricted to the heart and the lung ( Figure 3D ). Lung expression is due to the presence of the pulmonary myocardium, which is derived from atrial tissue and consists of a thin layer of atrium-like cells around a subpopulation of the pulmonary veins and venules. 31
Replacement of Abundant Sarcomeric Protein via Inducible TG Expression
Previously, almost all of the cardiac-specific inducible TG experiments have dealt with strong biological effectors, in which small amounts of protein result in significant functional or structural alterations. [13] [14] [15] We wished to determine whether the newly engineered system was robust enough to affect an abundant protein's pool in the cardiomyocyte, and to that end, we attempted to inducibly express the atriumspecific form of ELC1 in the ventricle. Extensive data show that the overall stoichiometry of the contractile proteins is precisely controlled such that TG overexpression at the mRNA level does not lead to increases of overall protein content. 29, 32, 33 That is, there is no "overexpression." Rather, endogenous protein levels are downregulated and replaced by the TG protein, with the overall steady-state protein level being maintained. Depending on the level of TG expression, partial or even complete replacement of endogenous ELC1v with the TG ELC1a should be feasible. Line 55 tTA mice (Figure 1) were crossed with a MHCmin TetO -ELC1a mouse (line 12), and in the absence of Dox, 37% of ELC1v was replaced with TG ELC1a protein in the ventricles ( Figure  4A ). Breeding to homozygosity (ϩϩ) resulted in a 55% replacement, showing that the inducible expression was copy number dependent. In all cases, we were able to reverse the isoform switch in the ventricle by a 3-week Dox treatment. Inducible expression is also Dox dose dependent, inasmuch as a 3-week Dox treatment at an intermediate dose of 100 mg/kg chow resulted in a stable level of 24% replacement ( Figure 4B ). We conclude that the 2 arms of the inducible system can effectively modulate abundant protein pools in the cardiomyocyte. Additional data showing the homogeneity of response and localization of the induced TG protein to the cardiomyocytes are presented in the online data supplement.
Inducible Expression of GSK-3␤
We next explored the effectiveness of the system in controlling expression of a powerful biological effector. The serine/ threonine kinase, GSK-3␤, is constitutively expressed in a large number of different cell types and, when dephosphorylated at serine 9, will actively phosphorylate many different substrates, thereby affecting basic cellular processes such as development, differentiation, and proliferation. 34 Recently, it has been shown to play a key role in modulating the cardiac hypertrophic response, and inhibition of its activity by different hypertrophic stimuli can contribute to cardiac hypertrophy. 35 Activated GSK-3␤, which is GSK-3␤ constitutively expressed in the heart under the control of the ␣-MHC promoter, resulted in physiologically normal animals that showed a significantly diminished hypertrophic response when challenged with activated calcineurin. 36 We placed a hemagglutinin (HA) epitope at the carboxyl terminus of a constitutively active S9A GSK-3␤ (GSK-CA) and inserted the cDNA into the MHCmin TetO -promoter construct. Of the 3 TG lines generated, 1 line showed the desired characteristics: no expression in the MHCmin TetO -GSK-CA mice but, when bred to the MHC-tTA animals, robust TG expression on removal of Dox ( Figure 5 ). Expression was highly inducible and could be efficiently repressed by the reintroduction of Dox treatment, with Ͻ1% of the protein being present after 2 weeks ( Figure 5B ). Expression was also quite homogeneous across the cardiomyocyte population, with the protein colocalizing in the contractile apparatus (online Figure 4 and online data supplement).
The ability of GSK-CA to reverse a pressure-overload hypertrophic response was then examined. Age-matched male NTG or double-TG mice were left untreated or were treated with Dox for 5 weeks, after which they underwent transaortic coarctation (TAC) ( Figure 6A ). Under these conditions, male mice underwent a significant hypertrophic response within 2 weeks, and the expression of GSK-3␤ blunted the hypertrophic response ( Figure 6B ). Heart and body weights were determined 1 week or 7 weeks after TAC in 1 cohort, whereas Dox was withdrawn from another cohort at 1 week after TAC to activate GSK-CA synthesis. A third cohort was continued on the drug, and the mice were killed 6 weeks later.
Induction of GSK-CA after 1 week of banding resulted in a significant reversal of hypertrophy. At 7 weeks, the double-TG animals that had been kept on the drug developed a hypertrophy comparable to that of NTG animals subjected to the surgery ( Figure 6C ). Determination of GSK-CA levels using both anti-GSK-3␤ and anti-HA confirmed that the protein had been induced by Dox withdrawal (Figure 6D ).
Discussion
Inducible TG expression was first described almost 10 years ago, 9 and although the technology was applied relatively quickly to the heart, 14 there have been surprisingly few reports, considering the potential power of the technology. Our initial attempts with the published systems proved fruitless: not only could we not detect the transactivator protein, but the responder lines were often leaky or completely inactive and did not respond appropriately to the inducible response. Although we were able to isolate suitable lines, the experiment often required a large number of mice to be generated and subsequently tested, rendering the system of limited utility for routine experimentation (testing 10 to 30 lines in terms of breeding to the activator line would have been economically untenable). The admittedly limited data to date with our modified system are consistent with the need for only a modest number of lines being generated before one with the desired characteristics is obtained.
In the present study, we report a reconstruction of both arms of the system, resulting in a robust, cardiac-specific, inducible system. Although we used the same activator previously reported for inducible cardiac-specific expression, 14 it is now driven by the mouse ␣-MHC promoter rather than the rat ␣-MHC promoter. The murine-derived promoter is extremely stable in TG mice throughout multiple generations and is expressed homogeneously in the cardiomyocyte population throughout the adult heart. 32 The responder arm of the system was extensively reengineered, and instead of the target now being driven by a viral promoter, it uses an attenuated mouse ␣-MHC that is essentially intact, presumably conserving its well-defined copy number-dependent and position-independent characteristics. The system works for both high-and low-abundance proteins. In both cases, only 3 lines containing the target TG needed to be generated to obtain an animal in which expression was off, except when Dox was withdrawn in the subsequent double-TG animal. Although the bacteria-based transactivator was aberrantly spliced, sufficient levels of protein were produced for efficient induction. In fact, higher levels of transactivator in the single MHC-tTA-based lines made with mammalian codonbased cDNAs invariably led to cardiac disease in the mature adult. Thus, although it is clear from past studies 20 and from our data that codon optimization can result in higher protein levels, the end result is not desirable because the ideal line will have the minimal amount of transactivator needed for the necessary biological effect. For our most useful line, although we are able to detect the correct transcript, the tTA antibody is not sufficiently sensitive to detect the protein ( Figure 1C) . However, the line is clearly able to induce high levels of expression. Transactivator production is stable, and multiple generations that are able to efficiently activate target TG expression on Dox withdrawal have now been bred.
Previous studies dealing with inducible cardiac-specific expression only modulated nonabundant proteins. [12] [13] [14] [15] Our system is able to effect major changes in one of the most abundant protein pools in the cardiomyocyte, a contractile protein. The data show that the degree of replacement is both TG-dose dependent and drug-dose dependent. This offers a potential strategy in which a single line is used to effect different replacement levels of a structural protein based on drug dosage.
We also used the system to confirm the role of GSK-3␤ in mediating cardiac hypertrophy. Previous data have shown that continuous TG expression of activated GSK-3␤ (GSK-CA) can blunt the hypertrophic response that is normally induced by activated calcineurin. 36 In the present study, we extend those findings and show that by inducing a constitutively active GSK-3␤ after the initial hypertrophic stimulus and response, hypertrophy is partially reversed, with inducible post-TAC expression being as efficient as chronic GSK-CA expression in terms of achieving the biological end point of smaller heart weight/body weight ratios. It may be possible to use GSK-3␤ to actually reverse a preexisting hypertrophy, although its efficacy in the face of other stimuli and the direct biological pathways that are being affected remain to be resolved. Figure 6 . Inducible control of the hypertrophic response. A, Diagram of the protocols. Cohorts consisted of 4 to 6 male 12-week-old animals. On termination, the LV weight/body weight ratios were determined. B, LV weight/body weight ratios for NTG (white boxes), single-TG (dark or light gray boxes), and double-TG (black boxes) animals. The animals were euthanized 2 weeks after TAC. *PϽ0.001. Body weight did not significantly change during the course of the experiment. C, Hypertrophic responses in noninduced and induced hearts. Time course is shown of the hypertrophic response after TAC-induced pressure overload (nϭ3 to 6) , and all points at and after 1 week differed significantly between the banded and sham-operated animals (nϭ3 to 5, PϽ0.001). DOXϩ3Ϫ denotes withdrawal of Dox and TG induction. D, Western blot analysis of protein. Three double-TG animals from both the ϮDox-treated cohorts (protocol 2) were individually tested for TG expression to determine the reproducibility of the response. ϩ3Ϫ indicates withdrawal of Dox and induction of GSK-CA synthesis. The error bars show that induction is reproducible across multiple animals from that line. *PϽ0.001.
